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(57) ABSTRACT

Disclosed herein 1s a display apparatus including: a display
panel having a display function and a light-receiving/imaging
function; a first image processing section configured to gen-
crate a detection signal that indicates whether a to-be-de-
tected objecthas been detected based on a result of first image
processing performed on an 1image taken by the light-recev-
ing/1imaging function; a second image processing section
configured to perform second 1image processing on the image
processed by the first image processing section, the second
image processing having a heavier processing load than the
first 1image processing; and a control section configured to
control an operation of the second 1mage processing section
in accordance with the detection signal generated by the first
image processing section, and, when 1t 1s determined that the
processing by the second image processing section 1s not
necessary, control the second image processing section to
enter a sleep state.
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1

DISPLAY APPARATUS AND METHOD FOR
CONTROLLING THE SAME

CROSS REFERENCES TO RELATED
APPLICATIONS

The present application claims priority to Japanese Patent
Application No. 2007-069513, filed in the Japan Patent Office
on Mar. 16, 2007, and to Japanese Patent Application No.
2008-063005 filed 1n the Japan Patent Office on Mar. 12, 2008
the entire contents of which being incorporated herein by
reference.

BACKGROUND

The present application relates to a display apparatus that 1s
suitably applied to a liquid crystal display, an organic electro-
luminescence (EL) display, or the like, for example. In par-
ticular, the present application relates to a display apparatus
whose display area (panel) has a light-recerving element and
which acquires information such as a position of an object
that 1s 1n contact with or close to the panel, and a method for
controlling the same.

A technology for detecting the position or the like of an
object that 1s 1n contact with or close to a display surface of a
display apparatus 1s known. In particular, a display apparatus
that has a touch panel 1s a typical and widely used example of
such a technology.

While there are various types of touch panels, that type of
touch panel which detects capacitance 1s commonly used
widely. This type of touch panel i1s configured to detect a
change 1n a charge on a surface of the panel when a finger
comes 1nto contact with the touch panel, thereby detecting the
position or the like of the object. The use of such a touch panel
enables a user to perform an intuitive operation.

A display apparatus having a display section has been
proposed (a display/imaging panel) that has a display func-
tion of displaying an 1mage and an imaging (or detecting)
function of 1maging (or detecting) an object with Japanese
Patent Laid-Open No. 2004-127272 (heremaiter referred to

as Patent Document 1), for example.

SUMMARY

According to the display apparatus described in Patent

Document 1, 1t 1s possible, when an object such as a finger has
come 1nto contact with or has come close to the display/
imaging panel, for example, to detect the position or the like
of the object based on an 1mage taken by using display light
(1.e., light to be detected) reflected from the object. Thus, the
use of thus display apparatus, which has a simple structure,
makes 1t possible to detect the position or the like of the object
without the need to provide a component such as the touch
panel on the display panel.
In this type of display apparatus, however, operation of a
light-receiving (input) function i1s necessary to determine
whether or not the finger or the like 1s close to the surface of
the panel, for example. Accordingly, even when an operation
1s not performed with a tip of the finger for a long time, power
1s constantly consumed for light reception. This unnecessary
power consumption 1s particularly disadvantageous 1n a por-
table device powered by a battery.

An advantage of the present application is to provide 1n an
embodiment a display apparatus that has a simple structure
and 1s capable of detecting the position or the like of the object
and reducing the unnecessary power consumption, and a
method for controlling the same.

10

15

20

25

30

35

40

45

50

55

60

65

2

According to a first embodiment, there 1s provided a dis-
play apparatus including: a display panel having a display
function and a light-receiving/imaging function; a first image
processing section configured to generate a detection signal
that indicates whether a to-be-detected object has been
detected based on a result of first image processing performed
on an 1mage taken by the light-recerving/imaging function; a
second 1mage processing section configured to perform sec-
ond 1mage processing on the 1mage processed by the first
image processing section, the second 1image processing hav-
ing a heavier processing load than the first image processing;
and a control section configured to control an operation of the
second 1mage processing section i accordance with the
detection signal generated by the first image processing sec-
tion, and, when 1t 1s determined that the processing by the
second 1mage processing section 1s not necessary, control the
second 1mage processing section to enter a sleep state.

According to a second embodiment, there 1s provided a
method for controlling a display apparatus including a dis-
play panel having a display function and a light-receiving/
imaging function, the method including the steps of: gener-
ating a detection signal that indicates whether a to-be-
detected object has been detected based on a result of first
image processing performed on an image taken by the light-
receiving/imaging function; performing second image pro-
cessing on an image obtained from the first image processing,
the second 1image processing having a heavier processing load
than the first image processing; and controlling an operation
ol the second 1image processing in accordance with the detec-
tion signal generated 1n the generating, and, when 1t 1s deter-
mined that the second image processing 1s not necessary,
controlling the second image processing to enter a sleep state.

According to a third embodiment, there 1s provided a dis-
play apparatus, including: a display panel having a plurality
of display elements and a plurality of light-recerving sensors
inside a display area; a first image processing section config-
ured to perform first image processing for detecting an object
that 1s 1n contact with or close to the display panel based on an
output from the plurality of light-recerving sensors; a second
image processing section configured to perform second
image processing for obtaining information of a position 1n
the display area of at least the detected object based on an
output from the first image processing section; and a control
section configured to control the second 1image processing
section to enter a sleep state when the processing by the
second 1mage processing section 1s not necessary, depending,
on a result of detection of the object by the first image pro-
cessing section.

According to an embodiment, the image taken by the light-
receiving/imaging function 1s supplied to the first image pro-
cessing section. The first image processing section deter-
mines based on the result of first image processing performed
on the image taken whether the to-be-detected object, which
1s an object to be detected, has been detected, generates the
detection signal, which indicates a result of the determina-
tion, and supplies the detection signal to the control section.
The control section controls the operation of the second
image processing section 1n accordance with the detection
signal generated by the first image processing section. Then,
when 1t 1s determined that processing by the second image
processing section 1s not necessary, the second 1image pro-
cessing section 1s controlled to enter the sleep state.

According to an embodiment, 1t 1s possible to detect the
position or the like of an object with a simple structure, and
reduce unnecessary power consumption.
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Additional features and advantages are described herein,
and will be apparent from the following Detailed Description

and the figures.

BRIEF DESCRIPTION OF THE FIGURES

FI1G. 1 1s a block diagram illustrating an overall structure of
a portable display apparatus according to a first embodiment;

FI1G. 2 1s a flowchart 1llustrating a procedure performed by
a first image processing section (1.e., a hardware 1image pro-
cessing section) according to an embodiment;

FIG. 3 1s a flowchart 1llustrating a procedure of a finger
approach detection process i FIG. 2.

FI1G. 4 1s a block diagram 1llustrating an exemplary struc-
ture of an I/O display panel as shown 1n FIG. 1;

FIG. 5 1s a circuit diagram 1llustrating an exemplary struc-
ture of a pixel;

FI1G. 6 1s a circuit diagram for describing a manner in which
pixels and a sensor-read-use H driver are connected;

FIG. 7 1s a timing chart for describing relationships
between an On/O1T state of a backlight and a display state;

FIG. 8 1s a state transition diagram of a power-saving
sequence according to an embodiment;

FI1G. 9 15 a diagram 1llustrating pulse sequences of power-
saving control;

FI1G. 10 1s a block diagram 1llustrating an overall structure
ol a portable display apparatus according to a second embodi-
ment;

FIG. 11 1s a flowchart illustrating a fingertip extraction
process according to a second embodiment;

FIG. 12 1s a timing chart for describing extraction pro-
cesses 1n FI1G. 11;

FIG. 13 1s a flowchart illustrating details of a difference-
image fingertip extraction process as shown 1n FIG. 12;

FI1G. 14 shows images for describing the difference-image
fingertip extraction process;

FIGS. 15A and 15B are diagrams for describing the differ-

ence-image fingertip extraction process when ambient light 1s
bright;
FIGS. 16A and 16B are diagrams for describing the differ-

ence-image fingertip extraction process when the ambient
light 1s dark;

FIGS. 17A and 17B are diagrams for describing a dynamic
range of a light-receiving signal obtained by the difference-
image fingertip extraction process;

FIGS. 18A to 18D show images for describing the differ-
ence-image fingertip extraction process when there are a plu-
rality of fingertips to be detected at the same time;

FIG. 19 1s a flowchart illustrating details of a shadow-
image fingertip extraction process as shown i FIG. 12;

FI1G. 20 1s a perspective illustration for describing a con-
cept of the shadow-1image fingertip extraction process;

FIG. 21 1s a schematic illustration showing an example of
an 1mage obtained by the shadow-image fingertip extraction
pProcess;

FIG. 22 shows 1mages for describing the shadow-image
fingertip extraction process;

FIG. 23 shows diagrams for describing a light-recerving
signal obtained by the shadow-1mage fingertip extraction pro-

Cess;
FIGS. 24 A, 24B, 25, and 26 are diagrams for describing a

process of generating a moving-average 1mage;

FI1G. 27 1s a table for describing the difference-image fin-
gertip extraction process and the shadow-image fingertip
extraction process while comparing the two processes;
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FIGS. 28A, 28B, 29, 30, and 31 are illustrations for
describing examples of applications that use results of the
fingertip extraction process;

FIG. 32 1s a flowchart illustrating a fingertip extraction
process according to a third embodiment;

FIG. 33 1s a flowchart illustrating a fingertip extraction
process according to a fourth embodiment;

FIG. 34 shows images for describing an image combining,
process as shown 1n FIG. 33;

FIGS. 35A and 35B are diagrams for describing a process
of generating the moving-average image according to another
embodiment; and

FIGS. 36 A and 36B are diagrams for describing a process
of generating the moving-average image according to yet
another embodiment.

DETAILED DESCRIPTION

An embodiment of the present application will be
described with reference to the accompanying drawings.

[First Embodiment]

FIG. 11s ablock diagram 1llustrating an overall structure of
a portable display apparatus 1 according to a first embodi-
ment.

The portable display apparatus 1 includes, as primary com-
ponents, an I/O display system 2 and a device controller (an
application processing section) 3.

The I/O display system 2 includes an 1/0 display panel 20,
a backlight 21, and an I/O display system integrated circuit
(hereimafiter referred to as a “display 1C”) 22.

The I/O display system 2 1n the display apparatus 1 accord-
ing to the present embodiment 1s capable of carrying out
imaging with a display surface while providing a display. The
I/O display system 2 has the following functions.

Function 1) 1s a function of eliminating influence of ambi-
ent light based on two light-recerving images taken by turning
On and Off the backlight 21 quickly, and generating an image
in which a fingertip 1s made bright by 1image processing. The
fingertip 1s an example of an object that 1s 1n contact with or
close to the display surface and which 1s to be detected.

Function 2) 1s a function of performing a shadow detection
process based on a light-recetving image taken when the
backlight 21 1s turned Off using the ambient light actively,
and generating an image 1 which the fingertip that 1s 1n
contact with or close to the display surface 1s made bright by
image processing. Function 2) 1s performed in parallel with
function 1).

Function 3) 1s a function of performing function 1) and 2)
concurrently to obtain an 1image 1n which the fingertip 1s made
bright by processing.

The above processes 1) to 3) are performed by a dedicated
hardware 1image processing section. It 1s determined whether
or not the fingertip 1s 1n contact with or close to the display
surface based on a result obtained from function 3).

Function 4) 1s a function of, based on a result of processing,
performed by the hardware 1mage processing section, com-
puting information concerning the number of fingertips to be
detected and coordinates, an area, and a region of the
fingertip(s) by software image processing performed by a
soltware 1mage processing section (Micro Processing Unit
(MPU)) dedicated to the present system.

The I/O display system 2 1n the display apparatus 1 has the
following functions to achieve power saving.

Function 5) 1s a function of causing the MPU used for
processing to enter a sleep state automatically when no fin-
gertip has been detected for a predetermined period of time.
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When no fingertip has been detected for the predetermined
period of time, it 1s determined that the software 1mage pro-
cessing 1s not necessary.

Function 6) 1s a function of performing light reception and
image processing at longer intervals when the MPU 1s 1n the
sleep state than at normal times, so that the power consump-
tion 1s reduced when the MPU 1s 1n the sleep state.

Function 7) 1s a function of, when the hardware image
processing section determines that the fingertip has come
close to the display surface after the MPU had entered the
sleep state, returning the MPU to a normal state so that light
reception and 1mage processing will be performed at normal
intervals again.

Function 8) 1s a function of, when an application of a device
in which the present system 1s implemented does not tempo-
rarily need detection of input of the fingertip or the like,
suspending the supply of power for the MPU and a light-
receiving function in the present system 1n order to reduce the
power consumption. In this case, the I/O display system 2 has
a Tunction of appropriately performing a procedure for allow-
ing the MPU to enter a sleep mode.

The I/0 display panel 20 1s formed by a liquid crystal panel
(a liquid crystal display (LCD)) throughout which pixels
(display elements) are arranged 1n a matrix, for example. The
I/0 display panel 20 has a function (1.e., a display function) of
displaying an image of a predetermined figure, character, or
the like based on display data while performing a line sequen-
tial operation. In addition, the I/O display panel 20 has a
function (1.e., an 1maging function) of imaging an object that
1s 1n contact with or close to the I/O display panel 20, as
described below. The backlight 21 functions as a light source
for the I/O display panel 20, in which a plurality of light-
emitting diodes are arranged, for example. The backlight 21 1s
controlled to be turned On and Off quickly with predeter-
mined timing synchronous with operation timing of the I/O
display panel 20, as described below.

The display IC 22 includes a display drive circuit 23, a
light-recerving drive circuit 24, a hardware image processing
section (1.e., a first image processing section) 25, a software
image processing section (1.e., a second 1mage processing
section) 26, and a power-saving control section 27.

The display drive circuit 23 drives the I/O display panel 20
so as to display the image based on the display data (1.e., so as
to perform a display operation) while performing the line
sequential operation.

The light-recerving drive circuit 24 drives the 1/0 display
panel 20 so as to obtain light-recerving data (1.e., so as to
image the object) while performing the line sequential opera-
tion. Note that the light-recerving drive circuit 24 accumu-
lates light-recerving data of each pixel in frame memory (not
shown) on a frame-by-frame basis, for example, and outputs
the light-recerving data to the first image processing section
23 as an 1image taken.

The first 1mage processing section (1.e., the hardware
image processing section) 25 performs a reflection detection
process (a dark/light difference process) as a first process. The
reflection detection process 1s a process of eliminating the
influence of the ambient light based on the two light-receiving
images taken by turning On and O1f the backlight 21 quickly,
and generating an 1image 1n which a fingertip that 1s 1n contact
with or close to a surface of the I/O display panel 20 1s made
bright by 1mage processing. The {irst image processing sec-
tion 25 also performs the shadow detection process as a
second process. The shadow detection process 1s performed
based on the light-recerving 1image taken when the backlight
21 1s Off using the ambient light actively, and generates an
image in which the fingertip that 1s in contact with or close to
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the surface 1s made bright by image processing. The first
image processing section 25 performs the reflection detection
process (1.e., the first process) and the shadow detection pro-
cess (1.¢. the second process ) concurrently to obtain the image
in which the fingertip 1s made bright by processing. Then, the
first image processing section 25 performs a process (1.€., a
third process) ol combining the 1mage obtained by the reflec-
tion detection process (1.¢., the first process) and the image
obtained by the shadow detection process (1.e., the second
process), and therealiter performs a finger approach detection
process (1.e., a fourth process) for detecting that a finger,
which 1s the object to be detected, has come close to the
surface of the I/O display panel 20. The first image processing
section 23 outputs a result of the image processing to the
second 1mage processing section 26, and outputs, to the
power-saving control section 27, a finger approach detection
signal S25 (find_oby) as a result of the finger approach detec-
tion process. The finger approach detection signal S235 may be
supplied to the power-saving control section 27 via another
processing section, and the finger approach detection signal
S25 15 also included 1n a detection signal to be outputted from
the first image processing section 25 to the power-saving
control section 27.

FIG. 2 1s a flowchart illustrating a procedure performed by
the first 1mage processing section (1.e., the hardware 1mage
processing section) 235 according to the present embodiment.
FIG. 3 1s a flowchart 1llustrating the finger approach detection
process 1n FIG. 2.

As shown 1n FIG. 2, the first image processing section 25
performs the reflection detection process (1.€., the first pro-
cess) and the shadow detection process (1.€., the second pro-
cess) concurrently at steps ST1 and ST2. Then, at step ST3,
the first 1mage processing section 25 performs the process
(1.., the third process) of combining the image obtained by
the reflection detection process (1.e., the first process) and the
image obtained by the shadow detection process (1.e., the
second process). Thereafter, the first image processing sec-
tion 25 performs the finger approach detection process at step
ST4. Referring to FIG. 3, 1n the finger approach detection
process at step ST4, the first image processing section 235
performs a smoothing process on an 1mage obtained as a
result of the combining of the two 1mages for noise reduction
at step ST41. Then, the first 1mage processing section 25
determines whether there 1s an NxN area that 1s greater 1n size
than a threshold at step ST42. It the first image processing
section 25 determines at step ST42 that there 1s such an area,
the first image processing section 25 outputs, to the power-
saving control section 27, the finger approach detection signal
S25 (1ind_oby) with a high level, judging that the finger, which
1s the object to be detected, has come close to the surface of
the I/O display panel 20 and that this approach has been
detected. If the first image processing section 23 determines
at step ST42 that there 1s not such an area, the first image
processing section 25 outputs, to the power-saving control
section 27, the finger approach detection signal S235 (find_
oby) with a low level, judging that the finger, which 1s the
object to be detected, has not come close to the surface of the
I/0O display panel 20.

Based on a result of the processing performed by the first
image processing section (1.e., the hardware 1mage process-
ing section) 23, the second 1image processing section (1.€., the
soltware 1mage processing section (MPU)) 26 computes
information concerning the number of fingertips to be
detected and coordinates, an area, and a region of the
fingertip(s) by software image processing, and detects and
obtains information concerning the object that 1s in contact
with or close to the I/O display panel 20 (e.g., position coor-
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dinate data or data concerning the shape or size of the object).
The processing performed by the second 1image processing
section 26 has a heavier load and greater power consumption
than the processing performed by the first image processing,
section 25. Therefore, at the time of a power-saving mode, the
power-saving control section 27 controls the second image
processing section 26 to enter an Off state. A result of the
processing performed by the second image processing sec-
tion 26 1s supplied to the device controller 3. Details of the
processing performed the first and second 1image processing,
sections will be described later.

The power-saving control section 27 recerves the finger
approach detection signal S25 (find_obj) from the first image
processing section 25, and performs On/O1ff control of the
second 1mage processing section 26. When the power-saving
control section 27 recerves the finger approach detection sig-
nal S25 (find_obj) and determines that no fingertip has been
detected for the predetermined period of time, the power-
saving control section 27 judges that the software image
processing 1s not necessary and automatically causes the sec-
ond 1image processing section (MPU) 26 used for processing
to enter the sleep state. While the MPU is in the sleep state, the
power-saving control section 27 causes light reception and
image processing to be performed at longer intervals than at
normal times, thereby reducing the power consumption.
When 1t 1s determined, after the MPU entered the sleep state,
that the first image processing section (1.e., the hardware
image processing section) 25 has detected the approach of the
fingertip, the power-saving control section 27 returns the
MPU to the normal state so that light reception and image
processing will be performed at normal 1ntervals again. In
addition, the power-saving control section 27 has the function
of, when the application of the device in which the present
system 1s implemented does not temporarily need the detec-
tion of the mput of the fingertip or the like, suspending the
supply of the power for the MPU and the light-receiving
function 1n the present system 1n order to reduce the power
consumption. In this case, the power-saving control section
2’7 has the function of appropnately performing the procedure
tor allowing the MPU to enter the sleep mode. When causing
the MPU to enter the sleep state, the power-saving control
section 27 controls a clock enable signal MPU_clk_en for the
MPU to become 1nactive, for example. Details of power-
saving control by the power-saving control section 27 will be
described later.

A reason why the power-saving control 1s performed 1n the
present embodiment will now be described below. In the I/O
display system 2, operation of a light-receiving (input) func-
tion 1s necessary to determine whether or not the fingertip or
the like 1s close to the surface of the I/O display panel 20.
Thus, if power were constantly consumed for light reception
even while an operation 1s not performed with the fingertip for
a long time, use of the IO display system 2 would be unsuit-
able for a portable device. In actual usage, an operation 1s not
constantly performed on the display panel in many cases. For
example, suppose that the I/O display system 2 1s applied to a
display panel of a digital camera. In this case, operations will
not be performed on the display panel frequently when pic-
tures are taken, whereas operations will be performed on the
display panel mostly when pictures are reproduced or when
camera setting or the like 1s performed.

The I/0 display system 2 according to the present embodi-
ment has three major functional blocks for information pro-
cessing for light reception: an analog circuit used for light
reception and a digital conversion section; the first image
processing section (1.e., the hardware 1image processing sec-
tion) 25; and the second 1mage processing section (1.¢., the
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soltware 1image processing section (MPU)) 26. Continuous
operation of these three blocks 1s not practical for the portable
device from the viewpoint of power consumption. In particu-
lar, the operation of the second image processing section 26 1s
necessary only when very precise computation 1s necessary,
and the determination of whether or not the operation 1s being
performed on the I/O display panel 20 1s achieved only by the
analog circuit used for light reception, the digital conversion
section, and the first image processing section (1.€., the hard-
ware 1mage processing section) 25. Accordingly, in the
present embodiment, the power-saving control section 27
controls the operation of the second 1mage processing section
26 1n order to reduce unnecessary power consumption.

The device controller 3 performs processing in accordance
with predetermined application software based on a detection
result produced by the second 1mage processing section 26.
For example, the device controller 3 allows the display data to
include the coordinates of the position of the detected object,
and allows the coordinates to be displayed on the I/O display
panel 20. Note that the display data generated by the device
controller 3 1s supplied to the display drive circuit 23.

Next, an example of the details of the structure of the I/O
display panel 20 will now be described below with reference
to FIG. 4. The I/O display panel 20 includes a display area
(sensor area) 201, a display-use H driver 202, a display-use V
driver 203, a sensor-use V driver 204, and a sensor-read-use H
driver 205.

The display area (sensor area) 201 1s an area for modulating,
light coming from the backlight 21 to emait display light and,
in addition, imaging the object that 1s 1n contact with or close
to this area Liquid crystal elements, which are display ele-
ments (1.e., light-emitting elements), and light-receiving ele-
ments (1.e., 1mmaging elements) described later are each
arranged 1n a matrix on the display area (sensor area) 201.
Here, note that the number of light-recerving elements may be
different from the number of display elements. For example,
the light-receiving elements may be more infrequent than the
display elements.

Based on a control clock and a display signal used for
display driving supplied from the display drive circuit 23, the
display-use H driver 202 drives the liquid crystal elements 1n
the pixels within the display area 201 1n a line-sequential
manner in conjunction with the display-use V driver 203.

The sensor-read-use H driver 205 drives the light-receiving,
clements 1n the pixels within the display area (sensor area)
201 1n the line-sequential manner 1 conjunction with the
sensor-use V driver 204 to obtain a light-recerving signal.

Next, an example of the details of the structure of each
pixel in the display area 201 will now be described below with
reference to FIG. 5. A pixel 31 shown in FIG. 5 1s composed
of a liquid crystal element, which 1s a display element, and a
light-recerving element.

Specifically, on the display element side, a switching ele-
ment 31a, which 1s formed by a thin film transistor (TEFT) or
the like, 1s arranged at an intersection of a gate electrode line
31/ extending 1n a horizontal direction and a drain electrode
line 31: extending 1n a vertical direction, and a pixel electrode
315 including a liguid crystal 1s arranged between the switch-
ing element 31aq and an opposite electrode. The switching
clement 31a 1s turned On and O1ff based on a driving signal
supplied via the gate electrode line 31/, and a pixel voltage 1s
applied to the pixel electrode 315 based on a display signal
supplied via the drain electrode line 31; when the switching
clement 31q 1s 1n an On state, so that a display state 1s set.

On the other hand, on the light-receiving element side,
which 1s adjacent to the display element, a light-recerving,
sensor 31¢ formed by a photodiode or the like, for example, 1s
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arranged, and a power supply voltage VDD 1s supplied to the
sensor 31c¢. In addition, a reset switch 314 and a capacitor 31e
are connected to the light-receiving sensor 31c. A charge
corresponding to the amount of light recerved 1s accumulated
in the capacitor 31e, while the reset switch 31d carries out
resetting. The charge accumulated 1s supplied to a signal-
output-use electrode line 315 via a bulfer amplifier 31f when
a read switch 31g is turned On, so that the charge 1s outputted
to the outside. An On and Off operation of the reset switch 31d
1s controlled by a signal supplied via areset electrode line 314,
and an On and Off operation of the read switch 31g 15 con-
trolled by a signal supplied via a read control electrode line
31m.

Next, connection between each pixel within the display
area 201 and the sensor-read-use H driver 205 will now be
described below with reference to FIG. 6. In the display area
201, apixel 31 forred (R), apixel 32 for green (), and a pixel
33 for blue (B) are arranged 1n parallel.

Charges accumulated 1n capacitors connected to light-re-
ceiving sensors 31c¢, 32¢, and 33c¢ in the pixels are amplified
by buffer amplifiers 31/, 32/, and 33/, respectively, and sup-
plied to the sensor-read-use H driver 205 via signal-output-
use electrode lines when read switches 31g, 324, and 33g,
respectively, are tuned On. Note that constant current sources
41a, 415, and 41c¢ are connected to the signal-output-use
electrode lines, so that a signal corresponding to the amount
of light received can be detected by the sensor-read-use H
driver 205 with excellent sensitivity.

Next, the operation of the display apparatus according to
the present embodiment will now be described 1n detail
below.

First, basic operations of the display apparatus, 1.e., an
image display operation and an object imaging operation, will
be described. Thereafter, a power-saving control operation of
the power-saving control section 27 will be described.

In this display/1imaging apparatus, the display drive circuit
23 generates a display-use driving signal based on the display
data supplied from the device controller 3, and based on this
driving signal, the I/O display panel 20 i1s driven in the line-
sequential manner to display an image. At thus time, the
backlight 21 1s driven by the display drive circuit 23 to per-
form a light On/O1l operation 1n synchronism with the 1/0
display panel 20.

Here, relationships between an On/Of1f state of the back-
light 21 and a display state of the I/O display panel 20 will
now be described below with reference to FIG. 7.

For example, suppose that image display 1s performed with
a frame period of Veo seconds. In this case, during the first half
of each frame period (V120 seconds in length), the backlight 21
does not provide 1llumination (1.e., 1s 1n an O1T state), so that
a display 1s not provided. Meanwhile, during the second half
of each frame period, the backlight 21 provides 1llumination
(1.e., 1s 1n an On state) and the display signal 1s supplied to
cach pixel, so that an image for that frame period 1s displayed.

As described above, the first half of each frame period 1s a
dark period during which the display light 1s not emitted from
the I/O display panel 20, whereas the second half of each
frame period 1s a light period during which the display light 1s
emitted from the 1I/O display panel 20.

Here, when there 1s an object (e.g., a fingertip) that 1s in
contact with or close to the I/O display panel 20, this objectis
imaged by the light-receiving elements 1n the pixels within
the I/O display panel 20 as a result of the light-receiving drive
circuit 24 driving the light-recerving elements in the line-
sequential manner, and the light-receiving signal 1s supplied
from each of the light-receiving elements to the light-receiv-
ing drive circuit 24. Light-receiving signals supplied from
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pixels corresponding to one frame are accumulated 1n the
light-recerving drive circuit 24, and the light-receving sig-
nals are outputted to the first image processing section 25 as
an 1mage taken.

Then, the second 1mage processing section 26 performs
predetermined 1mage processing (computation processing),
which will be described 1n detail later, based on the image
taken, so as to detect information (e.g., the position coordi-
nate data or the data concerning the shape or size of the

object) concerning the object that is 1n contact with or close to
the I/0 display panel 20.

Next, the power-saving control operation of the power-

saving control section 27 will now be described below with
reference to FIG. 8 and FIGS. 9A to 9H. FIG. 8 15 a state

transition diagram of a power-saving sequence according to
the present embodiment. FIGS. 9A to 9H show pulse
sequences ol the power-saving control. FIG. 9A shows the
finger approach detection signal find_obj. FIG. 9B shows a

finger detection signal finger det. FIG. 9C shows a sensor
disable signal sensor_disable. FIG. 9D shows a state. FI1G. 9E
shows a sleep shifting signal prepare_sleep. FIG. 9F shows a
MPU clock enable signal MPU_clk_en. FIG. 9G shows sen-
sor mactive periods sensor_ Sips. FIG. 9H shows a sensor
active signal sensor_active.

Since a fixed procedure 1s necessary for causing the MPU
to enter the sleep state or return the MPU to the normal state
in the present embodiment, a state transition that satisfies it as
shown 1in FIG. 8 1s realized. Meanwhile, hardware and an
algorithm for detecting the approach of the fingertip or the
like while the MPU 1s 1n the sleep state are necessary. Since
the hardware 1s not fitted for sophisticated processing, such as
labeling, as performed by the MPU, a simplified dedicated
algorithm 1s prepared (see FIG. 3). In the present embodi-
ment, state transition control and an operation mode for
power saving and judging-use hardware are prepared as a
system that fulfills all of the above, so that increase 1n power
consumption 1s prevented.

As shown 1n FIG. 8, three operation modes for implement-
ing a power saving function and two transitional states are
defined 1n the present embodiment.

In a full operation mode, the light-recetving sensors are
allowed to operate constantly. In the full operation mode, the
I/O display panel 20 1s most sensitive to an operation per-
formed thereon. Sensor information on the screen 1s normally
processed 60 times per second. Note that the sensors are
scanned 120 times per second, since two 1images are obtained
when the backlight 1s 1n the On state and 1n the O1f state.

Meanwhile, 1in an imntermittent operation mode, sensor pro-
cessing 1s performed only one to several times per second, so
that power consumed for sensor reading, power consumed for
image processing, and power consumed by the MPU are
reduced. If no operation has been performed on the I/O dis-
play system 2 1n the full operation mode for the predeter-
mined period of time, the mternal MPU 1s automatically
shifted to the sleep state, leading to the intermittent operation
mode.

Further, when the device controller 3 judges that use of the
function of the I/O display 1s not necessary, the I/O display
system 2 shifts to a sensor Off mode. An 1nstruction for
shifting to the sensor Off mode 1s explicitly notified from the
device controller 3 using the sensor disable signal sensor_d-
1sable. Upon receipt of this mnstruction, the I/O display system
2 carries out a procedure for causing the MPU used for image
processing to shift to the sleep state and then turns Off the
sensors, so that the I/O display system 2 enters a state in which
the power consumption 1s reduced to a mimmimum. When
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sensor_disable has been cancelled, the I/O display system 2
first shifts to the intermittent operation mode.

The first 1mage processing section (i.e., the hardware
image processing section) 25 has a capability to detect the
approach of the finger without the need to rely on judgment by
the MPU (1.e., the second 1mage processing section). The
detection of the approach of the finger 1s achieved in the
following manner. That 1s, 1f a bright area whose size 1s
greater than a certain threshold 1s found from a result of
hardware 1image processing, the first image processing sec-
tion 25 judges that this area may correspond to the finger, and
notifies the power-saving control section 27 of this fact. Upon
receipt of this notification, the power-saving control section
2’7 causes the MPU to shiit to an operating state 1f the MPU 1s
in the sleep state, and causes a sensor drive circuit and 1mage
processing hardware to shift from the intermittent operation
mode to the full operation mode.

The above arrangement makes 1t possible that the full
operation mode be applied only when necessary. Thus, reduc-
tion in the power consumption of the device 1s achieved.

<On Power Consumption and QQuickness ol Reaction>

The quickness of reaction and the power consumption vary
depending on whether the mode 1s the full operation mode or
the intermittent operation mode, and depending on the opera-
tion interval when the mode 1s the intermittent operation
mode. The power consumption 1s important in the portable
device, whereas the quickness of reaction should be given
priority 1n the case of a system 1n which the power consump-
tion 1s unlikely to pose a problem. As an example of 1mple-
mentation to the portable device, a standard arrangement
proposed here 1s “tull operation=60 frames per second, inter-
mittent operation=2 frames per second” on the assumption
that one set of sensor processes 1s defined as one frame (two
instances of scanning performed when the backlight 1s ON
and OFF are defined as one set). In this case, the power
consumption in the intermittent operation mode 1s less than
about one-thirtieth of that 1n the full operation mode (because
the MPU 1s caused to enter the sleep state, the power con-
sumption 1s reduced additionally). In the case where there 1s
a desire to achieve quicker response 1n the intermaittent opera-
tion mode, the mtermittent operation mode may be set at 10
frames per second, for example. In this case, a response 1s
made within 0.1 seconds, and therefore, shifting to the full
operation mode 1s achieved so quickly that almost no people
would notice 1t. In this case, however, the power consumption
in the itermittent operation mode 1s about five times as great
as that 1n the case of the standard arrangement.

The basic structure and the power-saving control according,
to the present embodiment have been described above. Here-
inafter, image processing according to the present embodi-
ment will be described 1n more detail.

Next, with reference to FIGS. 11 to 27, the details of a
process (1.e., a fingertip extraction process) of extracting the
object (an adjacent object), such as the fingertip, that 1s 1n
contact with or close to the I/O display panel 20 will now be
described below. This process 1s achieved by 1mage process-
ing and 1s one important feature of the present invention. FIG.
11 1s a flowchart of the fingertip extraction process performed
by the 1image processing sections. FIG. 12 1s a timing chart
showing a part of the fingertip extraction process.

The I/O display panel 20 performs a process of imaging the
adjacent object during the first half (1.e., the dark period) of
one display frame period, 1n which the backlight 21 1s 1n the
Off state, so that image A (a shadow 1image) 1s obtained (step
ST11 1n FIG. 11, and FIG. 12).

Next, the I/0 display panel 20 performs a process of imag-
ing the adjacent object during the second half (1.e., the light
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period) of the one display frame period, in which the back-
light 21 1s 1n the On state, so that image B (a display-light-
using 1mage) 1s obtained (FIG. 12). Then, a fingertip extrac-
tion process (1.e., a difference-image fingertip extraction
process) 1s performed, for example, by the first 1image pro-
cessing section 25 based on difference image C, which 1s a
difference between the image B and the image A (step ST12).

In parallel with the difference-image fingertip extraction
process, a fingertip extraction process (1.e., a shadow-image
fingertip extraction process) 1s performed by the first image
processing section 25 based on the image A (1.e., the shadow
image) (step ST13 and FIG. 11).

Next, the first image processing section 25 determines
whether the fingertip has been extracted (i.e., information
concerning the position, shape, size, or the like of the adjacent
object, such as the fingertip, has been obtained) by the differ-
ence-image fingertip extraction process at step ST12 (step
ST14). If 1t 1s determined that the fingertip has been extracted
(step ST14: Y), the second image processing section 26
decides to adopt a result of extraction by the difference-image
fingertip extraction process (step ST15), and outputs a final
result to the device controller 3 (step ST17).

Meanwhile, 1f it 1s determined that the fingertip has not
been extracted (step ST14: N), the second 1image processing
section 26 decides to adopt a result of extraction by the
shadow-1mage fingertip extraction process (step ST16), and
outputs a final result to the device controller 3 (step ST17).

As described above, regarding 1mage processing (includ-
ing both hardware and software processing) according to the
present embodiment, the difference-image fingertip extrac-
tion process 1s performed as a main process, and the shadow-
image fingertip extraction process 1s performed as a subordi-
nate process. Then, while both extraction processes are taken
into account, the result of extraction by one of the extraction
processes 1s selected finally.

Next, the details of the difference-image fingertip extrac-
tion process and the shadow-image fingertip extraction pro-
cess will now be described below.

First, the details of the difference-image fingertip extrac-
tion process will be described with reference to FIGS. 13 to
18. FIG. 13 1s a tlowchart illustrating the details of the differ-
ence-image fingertip extraction process.

As described above, the I/O display panel 20 performs the
process ol imaging the adjacent object during the second half
(1.e., the light period) of the one display frame period, 1n
which the backlight 21 1s 1n the On state, so that the image B
(1.., the display-light-using image) 1s obtained (step ST121
in FIG. 13, FIG. 12).

Next, the second image processing section 26 generates the
difference 1image C, which 1s the difference between the
image B and the image A (i.e., the shadow 1mage), which 1s
obtained by imaging during the period (1.e., the dark period)
in which the backlight 21 is 1n the Off state (step ST122).

Then, the second 1mage processing section 26 performs a
computation process of determining a centroid of the gener-
ated difference 1mage (step ST123), and identifies a central
point of contact (closeness) (step ST124).

As described above, in the difference-image fingertip
extraction process, the process of extracting the fingertip 1s
performed based on the difference image C, which 1s the
difference between the image B, which 1s taken using the
display light, and the image A, which 1s taken using the
ambient light without using the display light. Accordingly, a
shown by an exemplary picture image of the diflerence image
C as shown 1n FIG. 14, the adjacent object 1s detected such
that influence of the brightness of the ambient light 1s elimi-
nated.
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Specifically, suppose that incident ambient light 1s strong
as 1llustrated 1n a cross section of FIG. 15A, for example. In
this case, as shown 1n FIG. 15B, a light-recerving output
voltage Vonl 1n a situation where the backlight 21 1s 1llumi-
nated has a voltage value Va at positions where the finger 1s
not 1 contact with the display area 201 of the panel and a
reduced voltage value Vb at positions where the finger 1s in
contact with the display area 201 of the panel. The voltage
value Va corresponds to the brightness of the ambient light,
while the voltage value Vb corresponds to retlectance of the
object (finger) that 1s in contact with the display area 201 of
the panel, the object reflecting the light coming from the
backlight. In contrast, a light-receiving output voltage Voiil
in a situation where the backlight 21 1s not1lluminated has the
voltage value Va at the positions where the finger 1s not in
contact with the display area 201 of the panel and a voltage
value Vc at the positions where the finger 1s 1n contact with the
display area 201 ofthe panel. The voltage value Ve 1s very low
because the ambient light 1s blocked by the finger at the
positions where the finger 1s 1n contact with the display area
201 of the panel.

Suppose that the incident ambient light 1s very weak (or
there 1s almost no mcident ambient light) as illustrated 1n a
cross section of FIG. 16 A. In this case, as shown 1n FIG. 16B,
a light-receiving output voltage Von2 1n the situation where
the backlight 21 1s 1lluminated has a very low voltage value
V¢ at the positions where the finger 1s not 1n contact with the
display area 201 of the panel (because there 1s almost no
ambient light) and an increased voltage value Vb at the posi-
tions where the finger 1s 1n contact with the display area 201
of the panel. The voltage value Vb corresponds to the retlec-
tance of the object (finger) that 1s 1n contact with the display
area 201 of the panel, the object reflecting the light coming
from the backlight. In contrast, a light-receiving output volt-
age VolIi2 1n the situation where the backlight 21 1s not 1llu-
minated has the very low voltage value V¢ throughout.

As 1s apparent from FIGS. 15A and 15B and FIGS. 16A
and 16B, at the positions where the finger 1s not 1n contact
with the display area 201 of the panel, the light-recerving,
output voltage differs greatly depending on whether there 1s
the ambient light. On the other hand, at the positions where
the finger 1s 1n contact with the display area 201 of the panel,
the light-recetving output voltage 1s significantly the same
regardless of whether there 1s the ambient light. That 1s, 1n
both the case where there 1s the ambient light and the case
where there 1s not the ambient light, at the positions where the
finger 1s 1n contact with the display area 201 of the panel, the
light-recerving output voltage has the voltage value Vb when
the backlight 1s illuminated, and the voltage value Vc when
the backlight 1s not 1lluminated.

Accordingly, by detecting a difference between a voltage
when the backlight 21 1s 1lluminated and a voltage when the
backlight 21 1s not 1lluminated, it 1s possible to detect a point
at which the finger 1s 1n contact with or close to the display
arca 201 of the panel. For example, a difference between the
voltage value Vb and the voltage value V¢ 1s large. A point at
which such a large voltage difference occurs can be 1dentified
as a point at which the finger 1s 1n contact with or close to the
display area 201 of the panel. Thus, regardless of whether the
ambient light incident on the panel is strong or whether there
1s almost no ambient light, the contact or closeness of the
finger can equally be detected excellently.

As shown 1 FIGS. 17A and 17B, a dynamic range neces-
sary for the detection of the light-receiving output voltage 1s
determined as follows. FIG. 17A shows the display area 201
of the panel, a finger 1, and a circular object m. The finger 1 1s
in contact with the surface of the panel, and the circular object
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m, whose retlectance 1s almost 100%, 1s placed on the display
area 201. FIG. 17B shows a light-receiving output voltage on
a line on which both the finger 1 and the object m exist, 1in the
situation as shown 1n FIG. 17A. In FIG. 17B, a voltage Von3
represents the light-receiving output voltage in the situation
where the backlight 1s 1lluminated, and a voltage VoiI3 rep-
resents the light-recerving output voltage in the situation
where the backlight 1s not 1lluminated.

Referring to FI1G. 17B, voltage values (denoted as Vy) that
are greater than a voltage value Vd, which 1s detected at
positions where the object m, whose retlectance 1s almost
100%, 1s placed when the backlight 1s i1lluminated, do not
need to be measured. A range VX of voltage values below
those voltage values Vy 1s the dynamic range necessary for
detection. Therelore, the voltage values Vy, which do not
need to be measured, may be regarded as having the same
value.

As 1s apparent from images (which correspond to the
images A to C and a two-level image of the image C, respec-
tively) as shown 1in FIGS. 18 A to 18D, in the difference-image
fingertip extraction process, 1t 1s also possible to obtain infor-
mation concerning the position, shape, size, or the like of a
plurality of objects that are 1n contact with or close to the
display area 201 of the I/O display panel 20 at the same time.

Next, the details of the shadow-image fingertip extraction
process will now be described below with reference to FIGS.
19 to 26. FIG. 19 1s a flowchart illustrating the details of the
shadow-1mage fingertip extraction process. F1G. 20 1s a per-
spective view of a situation at the time when the shadow-
image fingertip extraction process 1s performed.

First, the first image processing section 25 or the second
image processing section 26 generates an inverse image (—A)
of the image A (1.e., the shadow 1mage) previously obtained
(step ST131). In addition, the first image processing section
25 or the second 1mage processing section 26 generates a
moving-average 1image MA of the original image A (step
ST132).

The moving-average image MA 1s generated in the follow-
ing manner. As shown in FIG. 24A, for example, a process
(hereinafter referred to as a “leveling computation process™ as
appropriate) of leveling pixel datais performed on a pixel area
30, which 1s composed of one pixel 30A, on which a focus 1s
placed, and 1ts surrounding pixels 1n the image A (1n this case,
the pixel area 30 1s composed of (2a+1)x(2a+1) pixels). As
shown 1n FIG. 25, for example, the leveling computation
process 1s performed with respect to the entire 1image taken,
while the focus 1s shufted from one pixel to another. A result of
the leveling computation process performed on one pixel area
1s retlected in the leveling computation process performed on
the next pixel area, which includes the pixel on which the
focus 1s placed next. Preferably, the size (in this case, (2a+1)
pixelx(2a+1) pixel) of a pixel area 30 on which the leveling
computation process 1s performed 1s set based on an expected
s1ze (1.e., a target size a) of the object to be detected (for
example, the size of the pixel area 30 may be set at approxi-
mately the target size a). This 1s because setting the size of the
pixel area 1n such a manner results in prevention of detection
of a first part (denoted by reference numeral “60A”), as hap-
pens with 1image 20A (which corresponds to 1mage D or
image E, which will be described later) as shown 1n FI1G. 21,
for example. A detailed description will be presented later.
Note that, as shown 1n FIG. 26, for example, as pixel data of
an area 51 outside of an area 50, which 1s necessary for the
leveling computation process, a copy of pixel data of a periph-
ery of the area 50 may be applied, for example.

Next, the first image processing section 25 or the second
image processing section 26 calculates a threshold TH, which
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will be used later (at step S1136), based on the moving-
average 1image MA (step ST133). Specifically, the first image
processing section 25 or the second 1image processing section
26 calculates the threshold TH based on pixel data of a pixel
that 1s the brightest (1 ¢., pixel data having the largest size) in
the moving-average image MA and pixel data of a pixel that
1s the darkest (1.e., pixel data having the smallest size) 1n the
original 1mage A. For example, the first image processing
section 25 or the second 1image processing section 26 calcu-
lates the threshold TH by taking an average of the above two
pieces ol pixel data Note that an average of pixel data of pixels
at the four corners of the display area 201 may be used as the
pixel data of the brightest pixel (i.e., the pixel data having the
largest size), as 1t 1s very unlikely that adjacent objects be
arranged at the four corners of the display area 201 at the same
time.

Next, the second 1image processing section 26 generates an
iverse image (-MA) of the generated moving-average image
MA (step ST134), and generates diflerence image D, which 1s
a difference between the inverse image (-A) of the original
1mageA and the inverse image (- MA) of the moving-average
image MA (step ST135) The difference 1image D 1s a differ-
ence between the moving-average image MA and the original
image A: D=(-A)-(-MA)=MA-A. Then, the second image
processing section 26 generates the image E (=D-TH) by
subtracting the threshold TH calculated at step ST133 from
cach piece of pixel data 1n the image D (step ST136).

Here, as 1n 1images D and E as shown in FIG. 22 and
exemplary light-receiving output voltage wavetorms Gd and
Ge mn1mmages D and E as shown 1n FIG. 23, the fingertip part,
whose size 1s significantly the same as the target size a, 1s
detected while the first part, which 1s larger than the fingertip,
1s not detected. Note that exemplary light-receiving output
voltage wavetorms Ga, G(-A), Gma, and G(-MA) as shown
in FIG. 23 correspond to examples of light-receiving output
voltage wavetorms in the original image A, the inverse image
thereol (-A), the moving-average image MA, and the inverse
image thereol (-MA), respectively.

Next, based on the image E, the second image processing
section 26 performs a centroid calculation process (step
ST137) and a process of 1dentifying the central point of con-
tact (closeness) (step ST138), in a similar manner to that in the
above-described difference-image fingertip extraction pro-
CEesS.

As described above, 1n the shadow-1mage fingertip extrac-
tion process, the process of extracting the fingertip 1s per-
formed based on the difference image D, which 1s the differ-
ence between the moving-average image MA of the image A,
taken using the ambient light, and the original image A. Thus,
as described above, the object whose size 1s significantly the
same as the target size 1s detected, and the adjacent object can
be detected even when the display light 1s not emitted (for
example, when the backlight 21 1s constantly in the Off state
as 1n the case where the liquid crystal elements, which are the
display elements, are translucent liquid crystal elements and
the I/O display panel 20 1s used outdoors, or when a black
image 1s being displayed on the I/O display panel 20).

Note that, 1n this shadow-image fingertip extraction pro-
cess as well as 1 the difference-image fingertip extraction
process, 1t 1s possible to obtain information concerning the
position, shape, size, or the like of a plurality of objects that
are simultaneously 1n contact with or close to the display area
201 of the I/O display panel 20.

In the display apparatus according to the present embodi-
ment, while both the difference-image fingertip extraction
process and the shadow-image fingertip extraction process
described above are taken into account, a result of the detec-
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tion of the adjacent object obtained by one of the two pro-
cesses 1s outputted as the final result from the second 1image
processing section 26 to the device controller 3.

FIG. 27 shows characteristics of the difference-image fin-
gertip extraction process and the shadow-image fingertip
extraction process. In FIG. 27, “excellent” indicates that the
corresponding fingertip extraction process 1s excellent at fin-
gertip extraction under the corresponding condition, “condi-
tional” indicates that the corresponding fingertip extraction
process 1s sometimes excellent and sometimes poor at finger-
tip extraction depending on the situation under the corre-
sponding condition, and “poor” indicates that the correspond-
ing fingertip extraction process 1s poor at fingertip extraction
in principle under the corresponding condition. As 1s apparent
from FIG. 27, when 1t 1s bright in surroundings, the differ-
ence-image fingertip extraction process 1s the more excellent
at fingertip extraction, and therefore the result of extraction
obtained by the difference-image fingertip extraction process
1s presumably adopted. When the backlight 21 1s not 1llumi-
nated and the display light 1s not emitted, or when the display
panel 1s 1n a black state, the difference-image fingertip extrac-
tion process may sometimes fail in fingertip extraction, and in
that case, the result of extraction obtained by the shadow-
image fingertip extraction process 1s presumably adopted.

Next, referring to FIGS. 28A to 31, several examples of
how the device controller 3 executes an application program
using the mformation concerning the position or the like of
the object detected by the fingertip extraction process as
described above will now be described below.

In an example as shown 1n FIG. 28A, a user touches the
surface of the I/O display panel 20 with a fingertip 61, and a
track of the fingertip on the surface of the I/O display panel 20
1s displayed on a screen as a drawn line 611.

An example as shown 1n FIG. 28B 1s an example 1n which
a gesture using the shape of a hand 1s recognized. Specifically,
the shape of a hand 62 that 1s in contact with (or close to) the
I/O display panel 20 1s recognized, an image representing the
shape of the hand recognized 1s displayed, and some process-
ing 1s performed in accordance with movement 621 of that
object displayed.

An example as shown 1n FIG. 29 1s an example 1n which a
hand 63 A 1n a closed state 1s changed to a hand 63B 1n an open
state, contact or closeness of the hand 1n the respective states
1s recognmized by the 1/O display panel 20 by 1image recogni-
tion, and processing 1s performed based on a result of the
image recognition. For example, 1ssuance of an instruction
for zooming 1n 1s achieved by processing based on such
recognition. In addition, because 1ssuance of such an mnstruc-
tion 1s possible in such a manner, an operation for switching
commands on a personal computer connected to the 1/O dis-
play panel 20 can be entered 1n a more natural manner by such
image recognition, for example.

Further, as shown in FI1G. 30, for example, aplurality of I/O
display panels 20 may be prepared and connected with each
other via some transmission medium, and an 1mage obtained
in one I/O display panel by detecting contact or closeness of
an object may be transmitted to the other I/O display panel
and displayed on the other I/0 display panel, so that users that
operate the respective display panels can communicate with
cach other. That 1s, as shown 1 FIG. 30, two I/O display
panels may be prepared, and a shape 635 of a hand recognized
by one of the panels by image recognition may be transmitted
to the other panel so that a shape 642 of the hand 1s displayed
on the other panel. Also, a track 641 of a hand 64 on the latter
panel, which 1s displayed, may be transmitted to and dis-
played on the former panel, for example. As described above,
a video representing an act of drawing may be transferred
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from one panel to another, so that a handwritten character,
figure, or the like 1s sent to the other party. This may lead to
realization of a new communication tool. Such an example 1s
concetvable when the I/O display panel 20 1s applied to a
display panel 1n a mobile phone terminal, for example.

Still further, as shown 1n FIG. 31, for example, a character
may be written on the surface of the I/O display panel 20 with
a writing brush 66, and a track of the writing brush 66 on the
surtace of the I/O display panel 20 may be displayed on the
I/0 display panel 20 as an image 661. In this manner, entering
of the handwritten character is achieved using the writing
brush. In this case, 1t 1s possible to recognize and reproduce
even delicate touches of the writing brush. In common hand-
writing recognition, such as 1n some digitizers, a tilt of a
special pen 1s recognized by electric field detection. In this
example, however, a touch of the real writing brush 1is
detected, and therefore, information iput can be performed
with a greater sense of reality.

As described above, 1n the present embodiment, the differ-
ence 1mage C, which 1s the difference between the image B
(1.e., the display-light-using 1mage) obtained by imaging the
adjacent object using the display light and the image A (i.e.,
the shadow 1mage) obtained by imaging a shadow of the
adjacent object 1s generated, and information concerning at
least one of the position, shape, and size of the adjacent object
1s detected while the 1image A (1.e., the shadow 1image) and the
difference 1image C are taken into account. Therefore, 1t 1s
possible to detect the object regardless of a usage situation at
the time, such as a surrounding situation, the brightness of the
display light, or the like.

Moreover, the moving-average image MA 1s generated
based on the image A, and the object 15 detected using the
difference 1image D, which is the difference between the mov-
ing-average 1image MA and the original image A, and the
image E, which 1s obtained by subtracting the threshold TH
from each piece of pixel data in the difference image D. In
addition, the size of the pixel area 30 at the time of the leveling
computation process 1s set at approximately the expected size
(1.e., the target size) of the object to be detected. Theretore,
the fingertip part, whose size 1s significantly the same as the
target size, can be detected while the first part, which 1s larger
than the fingertip, 1s not detected, for example. Thus, the
degree of precision of the detection process 1s improved.

Moreover, within one operation period (1.e., one display
frame period), the image A (i.e., the shadow image) is
obtained earlier than the image B (1.¢., the display-light-using
image). Therelore, a time for computing the moving-average
image MA, the computation of which takes a long time, can
be secured before performing the difference-image fingertip
extraction process, as shown 1n FIG. 12, for example. Thus,
the time necessary for the entire process 1s reduced compared
to the case where the image B 1s obtained earlier than the
image A.

Note that, 1n the present embodiment, the difference-image
fingertip extraction process 1s the main process, and the
shadow-1mage fingertip extraction process 1s the subordinate
process. However, 1n another embodiment of the present
invention, the difference-image fingertip extraction process
and the shadow-image fingertip extraction process may be
performed as the subordinate process and the main process,
respectively.

[Second Embodiment]

FIG. 10 1s a block diagram 1llustrating an overall structure
of a portable display apparatus according to a second embodi-
ment of the present invention.

In the I/O display system 2 in the display apparatus 1 as
shown i FIG. 1, the system for the panel includes the MPU or
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soltware that computes the coordinates and area based on the
image in which the fingertip 1s made bright by hardware
processing. The device controller 3 performs an operation
based on information of the coordinates and area. In this case,
a burden on the controller 1s relatively light.

On the other hand, 1n an I/O display system 2 A 1n a display
apparatus 1A as shown 1n FIG. 10, the system for the panel
does not include the MPU or software that computes the
coordinates and area, while the system includes a judging
circuit that judges whether the fingertip 1s close to the panel
based on the image 1n which the fingertip 1s made bright by
hardware processing. The subsequent computation of the
coordinates and area 1s performed by the device controller 3.
In this case, the reduction in the power consumption 1s
achieved by changing an operation interval of the sensors 1n
the panel. Information of whether or not the fingertip 1s close
to the panel and the result of 1image processing are supplied
from the panel system to the device controller 3.

As described above, it 1s possible to slightly change a
hardware structure depending on the device to which the
embodiment of the present invention 1s applied. Further, 1t 1s
possible to choose whether to give priority to reduction 1n the
power consumption or quickness of reaction.

[ Third Embodiment]

Next, a third embodiment will be described. In a display/
imaging apparatus according to the present embodiment, one
of the difference-image fingertip extraction process and the
shadow-1mage fingertip extraction process 1s selected based
on a predetermined criterion, and the fingertip extraction
process 1s performed based on the selected image. The third
embodiment 1s similar to the first embodiment in the other
respects and operation, and therefore, descriptions thereof
will be omitted as appropriate.

FIG. 32 1s a flowchart illustrating a fingertip extraction
process according to the present embodiment. As shown in
FIG. 32, after the image A (i.e., the shadow 1mage) 1s obtained
(step ST21) 1n the same manner as in the above-described
embodiment, the second 1mage processing section 26 selec-
tively performs one of the two processes that ensures secure
performance of the fingertip extraction process depending on
the situation (steps ST22 to ST26, see the comparative table
of FIG. 27).

Specifically, when the backlight 1s constantly 1n the O1ff
state, when the black image 1s being displayed, or when 1t 1s
not dark in the surroundings, the shadow-image fingertip
extraction process 1s selectively performed (step ST26), and
the final result1s outputted (step ST27). It is determined based
on the size of the pixel data 1n the image A (1.e., the shadow
image) whether or not it 1s dark 1n the surroundings. When the
s1ze ol the pixel data 1s very small, 1t 1s determined that 1t 1s
very dark 1n the surroundings.

Meanwhile, when the backlight 1s not constantly 1n the Off
state, the black 1image 1s not being displayed, and it 1s very
dark in the surroundings, the difference-image fingertip
extraction process 1s selectively performed (step ST25), and
the final result 1s outputted (step ST27).

As described above, 1n the present embodiment, one of the
difference-image {ingertip extraction process and the
shadow-1mage fingertip extraction process 1s selected based
on the predetermined criterion, and the fingertip extraction
process 1s performed based on the selected image. Therelore,
the appropriate one of the two fingertip extraction processes
can be applied to ensure secure performance of the extraction
process 1n a greater variety of usage situations.

| Fourth Embodiment]

Next, a fourth embodiment will be described. In a display/
imaging apparatus according to the present embodiment, as
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shown 1n FIGS. 2 and 3, the first image processing section 25
performs both the difference-image fingertip extraction pro-
cess and the shadow-1mage fingertip extraction process in any
case, and the fingertip extraction process 1s performed using
a combined image of the image A (1.¢., the shadow image) and
the difference image C. The fourth embodiment 1s similar to
the first embodiment in the other respects and operation, and
therefore, descriptions thereof will be omitted as appropnate.

FIG. 33 1s a flowchart illustrating a fingertip extraction
process according to the present embodiment. As shown in
FIG. 33, after the image A (i.e., the shadow 1mage) 1s obtained
(step ST31) 1n the same manner as 1n the first embodiment,
both the difference-image fingertip extraction process and the
shadow-1mage fingertip extraction process are performed
(steps ST32 and ST33), while neither the centroid calculation
process nor the process of identifying the central point of
contact (closeness) 1s performed.

Next, as shown 1n FIG. 34, for example, a combined image
F (=axC+E) of the difference image C, which 1s generated by
the difference-image fingertip extraction process, and the
image E, which 1s generated by the shadow-image fingertip
extraction process, 1s generated (step ST34). Note that a 1s a
predetermined weighting coetlicient.

Then, as 1n the above-described embodiment, the second
image processing section 26 performs the centroid calcula-
tion process (step ST35), the process of identitying the central
point of contact (closeness) (step ST36), and the process of
outputting the final result (step ST37).

As described above, in the present embodiment, both the
difference-image fingertip extraction process and the
shadow-1mage fingertip extraction process are performed 1n
any case, and the combined image F (=axC+E) of the differ-
ence 1mage C, which 1s generated by the difference-image
fingertip extraction process, and the image E, which 1s gen-
crated by the shadow-image fingertip extraction process, 1s
generated, and the fingertip extraction process 1s performed
based on the combined image F. Therefore, as shown in FIG.
34, for example, a clearer image of the fingertip or the like can
be detected, and the extraction process can be performed
more securely.

The present application has been described above accord-
ing to an embodiment. Note, however, that the present appli-
cation 1s not limited to these embodiments, and that various
variations are contemplated.

For example, 1n the process of generating the moving-
average 1mage in one embodiment of the present application,
the leveling computation process may be performed while
target pixels are selectively reduced, so that the amount of
processing 1s reduced. For example, as shown in FIGS. 35A
and 35B, while the focus 1s first shifted from one pixel to
another 1n a pixel direction which 1s adjacent to the focused
pixel, the leveling computation process may be performed on
pixels on this direction, and thereafter, while the focus 1s
shifted from one pixel to another 1n the other pixel direction
which 1s adjacent to the focused pixel, the leveling computa-
tion process may be performed on pixels on this other direc-
tion. Also, a dot adding process 1n a predetermined direction
may be performed using operation circuits 70 to 73 as shown
in FIGS. 36 A and 36B, for example.

In the above-described embodiment, by generating the
moving-average 1image MA based on the original image A,
and setting the size of the pixel area 30 at the time of this
moving-average computation process based on the expected
s1ze (1.e., the target size a) of the object to be detected, one that
1s larger than the pixel area 30, 1.e., pixel data (a fingertip
image, 1n this case) that has a higher spatial frequency than the
pixel area 30, 1s removed 1n the moving-average image MA,

10

15

20

25

30

35

40

45

50

55

60

65

20

and by taking the difference between this moving-average
image MA and the original image A, pixel data (the shadow
image, 1n this case) that has a lower spatial frequency than the
pixel area 30 1s finally removed, so that the pixel data (the
fingertip image, 1n this case) that has a high spatial frequency
1s extracted. That 1s, 1n the above-described embodiment, as
an example of such a high-pass filter and a method that
realizes the simplest and fastest processing, the method of
taking the difference between the moving-average image MA
and the original 1image A has been described. The present
invention 1s not limited to use of the method described above.
Alternatively, another high-pass filter may be used to perform
both low-pass filter processing and difference processing at a
time.

In the above-described embodiments, the display elements
in the I/O display panel 20 are the liquid crystal elements, and
the light-receiving elements are provided imndependently of
the display elements. Note, however, that the I/O display
panel may be provided with light-emitting/light-receiving
clements (display/imaging elements), such as organic elec-
tro-luminescence (EL) elements, that are capable of perform-
ing a light-emitting operation and a light-recerving operation
at separate times. In this case also, similar effects to those
achieved by the above-described embodiments are achieved.
Note that, 1n this case, a period 1n which the display light 1s not
emitted corresponds to a period 1n which the display/imaging
clements are not performing the light-emitting operation.

It should be understood that various changes and modifi-
cations to the presently preferred embodiments described
herein will be apparent to those skilled in the art. Such
changes and modifications can be made without departing
from the spirit and scope of the present subject matter and
without diminishing its intended advantages. It 1s therefore
intended that such changes and modifications be covered by
the appended claims.

The invention 1s claimed as follows:

1. A display apparatus, comprising:

a transmissive type liquid crystal display panel having a
display function and a light- recerving/imaging func-
tion, the display panel including a display area including
a plurality of pixels arranged in a matrix, each pixel
including a light-emitting element and a light-receiving
SeNnsor;

a first image processing section configured to:

(a) receive at least two 1mages from the light-recerving/
imaging function including an image taken while a
self-1lluminating section 1s turned on and light 1s
transmitted through the light-emitting element and an
image taken while the self-1lluminating section 1s
turned off;

(b) perform 1mage processing on the at least two 1mages
including combining the at least two images, the
image processing performed by the first image pro-
cessing section resulting in at least a first processed
1mage;

(¢) perform a smoothing process on the first processed
image for noise reduction:

(d) determine, based at least in part on the first processed
image, whether a to-be- detected object has been
detected;

() generate a detected signal that indicates whether the
to-be-detected object has been detected; and

(1) send the generated detection signal to a control sec-
tion;
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a second 1mage processing section configured to:
(a) recerve the first processed 1image; and
(b) perform 1mage processing on the first processed
1image, the image processing performed by the second
image processing section having a heavier processing >
load than the image processing performed by the first
image processing section; and
a control section configured to control an operation of the
second 1mage processing section 1n accordance with the
generated detection signal such that when the control
section determines that the 1image processing performed
by said second 1mage processing section 1s not neces-
sary, the control section causes the second image pro-
cessing section to enter a sleep state,
wherein the control section suspends a supply of power to
the second 1mage processing section during the sleep
state,
wherein when said second 1image processing section 1s 1n
the sleep state, said control section causes the light- ¢
receiving/imaging function and the image processing
performed by said first image processing section to be
repeatedly performed at a first frequency greater than
zero, and

wherein when said second 1image processing section 1s not 25
in the sleep state, said control section causes the light-
receiving/imaging function and the image processing
performed by said first image processing section to be
repeatedly performed at a second frequency that is
greater than the first frequency. 30

2. The display apparatus according to claim 1, wherein said
display panel has the display function and the light-recerving/
imaging function 1nside a display area of said display panel,
and the to-be-detected object 1s an object that 1s 1n contact
with or close to said display panel. 35

3. The display apparatus according to claim 1, wherein, i
said control section determines, after causing said second
image processing section to enter the sleep state, that the
to-be-detected object has been detected based on the detec-
tion signal generated by said first image processing section, 40
said control section returns the second 1mage processing sec-
tion to normal.

4. The display apparatus according to claim 1, wherein, 1
said control section determines, after causing said second
image processing section to enter the sleep state, that the 45
to-be-detected object has been detected based on the detec-
tion signal generated by said first image processing section,
said control section returns the second image processing sec-
tion to normal and causes the intervals of performance of the
light- recerving/imaging function and the image processing 50
performed by said first image processing section to return to
original time intervals for a time when said second 1mage
processing section 1s not 1n the sleep state.

5. The display apparatus according to claim 1, wherein, 1
said control section determines that the to-be-detected object 55
has not been detected for a predetermined period of time, said
control section judges that the 1image processing performed
by said second 1image processing section 1s not necessary and
causes said second 1mage processing section to enter the sleep
state. 60

6. The display apparatus according to claim 1, wherein,
when an application of a device does not temporarily need
detection of the to-be-detected object, said control section
suspends supply of power for said second 1image processing
section and the light-recerving/imaging function. 65

7. The display apparatus according to claim 1, wherein said
first image processing section has:
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a first function of eliminating influence of ambient light
based ontwo light-recerving images taken by turning On
and O1f the self-1lluminating section, and generating an
image 1n which the to-be-detected object 1s made
brighter than surroundings by 1mage processing;

a second function of performing a shadow detection pro-
cess based on the light-receiving image taken when the
self-1lluminating section 1s Off, and generating an image
in which the to-be-detected object 1s made bright by
image processing; and

a third function of performing the first and second func-
tions concurrently to obtain an 1mage 1n which the to-be-
detected object 1s made bright by processing.

8. The display apparatus according to claim 7, wherein said
second 1mage processing section has a function of acquiring
information concerning at least one of a position, a shape, and
a size of the to-be-detected object while taking a shadow
image and a difference 1image 1nto account.

9. A display apparatus, comprising:

a transmissive type liquid crystal display panel including a
display area in which a plurality of pixels arranged in a
matrix, each pixel including a light-emitting element
and a light-recerving sensor;

a first image processing section configured to:

(a) recerve at least two 1mages from the plurality of
light-receiving sensors including an i1mage taken
while a self-1lluminating section 1s turned on and light
1s transmitted through the light-emitting element and
an 1mage taken while the self-1lluminating section 1s
turned off;

(b) perform 1mage processing on the at least two 1mages
including combining the at least two i1mages, the

image processing performed by the first 1mage pro-
cessing section resulting 1n at least a first processed
1mage;

(c) perform a smoothing process on the first processed
image for noise reduction:

(d) determine, based at least 1n part on the first processed
image, whether an object 1s 1n contact with or close to
said display panel;

() generate a detection signal that indicates whether the
object 1s 1n contact with or close to said display panel;
and

(1) send the generated detection signal to a control sec-
tion;

a second 1mage processing section configured to:

(a) recerve the first processed 1mage; and

(b) perform 1mage processing on the first processed
image, the image processing performed by the second
image processing section configured to obtain infor-
mation of a position 1n the display area of at least the
detected object, the 1image processing performed by
the second 1mage processing section having a heavier
processing load than the 1mage processing performed
by the first image processing section; and

a control section configured to cause said second 1mage
processing section to enter a sleep state when the control
section determines that the 1image processing performed
by said second 1image processing section 1s not necessary
based on the detection signal,

wherein the control section suspends a supply of power to
the second 1mage processing section during the sleep
state,

wherein when said second 1mage processing section 1s 1n
the sleep state, said control section causes the light-
receiving/imaging function and the 1mage processing
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performed by said first image processing section to be
repeatedly performed at a first frequency greater than
zero, and

wherein when said second 1image processing section 1s not
in the sleep state, said control section causes the light-
receiving/imaging function and the image processing
performed by said first 1image processing section to be
repeatedly performed at a second frequency that 1s
greater than the first frequency.

10. The display apparatus according to claim 9, wherein the
plurality of display elements and the plurality of light-rece1v-
ing sensors are both arranged 1n a matrix.

11. The display apparatus according to claim 9, wherein
said control section causes said second 1mage processing
section to enter the sleep state when the detection signal
indicates that the object has not been detected.

12. The display apparatus according to claim 9, further
comprising

a device controller configured to perform processing in
accordance with predetermined application soitware,
wherein

said control section controls said second image processing
section to enter the sleep state when the detection of the
object 1s not required by said device controller.

13. The display apparatus according to claim 12, wherein,
when the detection of the object 1s not required by said device
controller, said control section suspends supply of power to
said second 1mage processing section aiter causing said sec-
ond 1mage processing section to enter the sleep state.

14. A method for controlling a display apparatus including
a transmissive type liquid crystal display panel having a dis-
play function and a light-receiving/imaging function, the dis-
play panel including a display area including a plurality of
pixels arranged 1 a matrix, each pixel including a light-
emitting element and a light-recerving sensor, the method
comprising;

(a) causing a first image processing section to perform
image processing on at least two 1images received from
the light-receiving/imaging function, the two i1mages
including an 1mage taken while a self-1lluminating sec-
tion 1s turned on and light 1s transmitted through the
light-emitting element and an 1mage taken while the
self-1lluminating section 1s turned off, the 1mage pro-
cessing performed by the first image processing section
including combining the at least two 1images and result-
ing in at least a first processed 1mage;

(b) causing the first image processing section to perform a
smoothing process on the first processing image for
noise reduction;
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(¢) causing the first image processing section to determine,
based at least in part on the first processed i1mage,
whether a to-be-detected object has been detected;

(d) causing the first image processing section to generate a
detection signal that indicates whether the to-be-de-
tected object has been detected and send the generated
detection signal to a control section;

(¢) causing a second 1mage processing section to receive
the first processed image and perform 1mage processing
on the first processed 1mage, the 1image processing per-

formed by the second image processing section having a

heavier processing load than the 1mage processing per-

formed by the first image processing section; and)

(1) causing the control section to control operation of the
second 1mage processing section in accordance with the
generated detection signal such that when the control
section determines that the 1image processing performed
by the second 1image processing section 1s not necessary,
the control section causes the second 1mage processing
section to enter a sleep state, wherein the control section
suspends a supply of power to the second 1mage pro-
cessing section during the sleep state, and while said
second 1mage processing section 1s 1n the sleep state,
causing said control section to control the light-receiv-
ing/imaging function and the image processing per-
formed by said first 1mage processing section to be
repeatedly performed at a first frequency greater than
zero, and when said second 1mage processing section 1s
not 1 the sleep state causing said control section to
control the light-recerving/imaging function and the
image processing performed by said first image process-
ing section to be repeatedly performed a second fre-

quency greater than the first frequency.

15. The display apparatus according to claim 1, further

comprising;

a light receiving drive section that drives the plurality of
light-recerving elements and 1s supplied a light receiving
signal from each of the light-recerving elements,

wherein the lightrecerving drive section outputs the at least
one 1mage to the first image processing section based on
the light receiving signals.

16. The display apparatus according to claim 7, wherein the

third function includes combining the 1mages generated by
the first function and the second function.

17. The display apparatus according to claim 1, wherein the
self-1lluminating section 1s a backlight.
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